SiGe employment is, for the first time, proposed to enhance band-to-band-tunneling-induced hot electron injection (BBHE) in a p-channel flash by the analysis made with two dimensional device simulator MEDICI. Simulation results show that more than 100 times enhancement in the programming speed can be achieved in a proposed p-channel flash with 40% Ge in the surface SiGe channel. In addition, a Si-cap layer and HfO 2 tunnel dielectric are also incorporated to improve the interface quality. Up to 1000 times enhancement in BBHE injection programming speed is achieved in the case of a p-channel flash memory with surface SiGe layer and HfO 2 tunnel dielectric.
Introduction
In order to achieve high injection efficiency, high scalability and low-power operation, a new electron injection scheme with band-to-band tunneling-induced-hot-electron (BBHE) mechanism has been employed in p-channel flash devices [1] . The electron-hole pairs, generated by band-to-band tunneling (BTBT) in the gate-to-drain overlap region, could be accelerated by the lateral electric field toward the channel region and thus obtain enough energy to inject into the floating gate through tunneling oxide, as shown in Fig. 1 . A novel structure has been reported to further enhance BBHE injection efficiency [2] . In addition, silicon nitride as tunnel dielectric has been proposed to enhance BBHE programming speed because of its lower dielectric barrier height (∆Ec) [3] . In this study, a novel p-channel flash device with a surface strained SiGe layer is demonstrated for the first time by the two-dimensional device simulator MEDICI [4] . A Si-cap layer is also inserted between SiGe and tunneling oxide to avoid the poor interface between SiGe and SiO 2 . Furthermore, HfO 2 is introduced as tunneling dielectric, combining with surface SiGe layer, to gain a better interface [5] . The above three schemes as well as their corresponding band diagrams are illustrated in Fig. 2. 
Simulation Method and Device Parameters
SiGe was employed as the surface channel of p-channel flash device with 10 nm tunneling oxide and 0.5 µm gate length in MEDICI. The amount of Ge in SiGe was tuned from 0% to 80% as shown in Fig. 2 (a) together with its corresponding energy band diagram. A silicon cap layer, with thickness ranging from 10 nm to 20 nm, was inserted between tunneling oxide and SiGe as illustrated in Fig. 2 (b) . Furthermore, HfO 2 is introduced as the tunneling dielectric to gain a better interface
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while SiGe is served as surface channel, as portrayed in Fig. 2 (c) . These three schemes were simulated by identical BBHE injection conditions at drain and gate biases of -6 V and 10 V, respectively.
Results and Discussion
It can be seen in Fig. 3 (a) that as the Ge in SiGe increases, the programming speed of p-channel flash device with SiGe surface channel enhances from ten to several thousand times. The enhancement in programming speed can be explained by equation (1), which indicates the generation rate of electron hole pair (EHP) from BTBT is inversely exponentially proportional to energy gap:
The generation rate of BTBT and band-to-band tunneling current (I BB ) increase dramatically with increasing Ge content as shown in Fig. 3 (b) . Meanwhile, the programming efficiency of p-channel flash device with SiGe surface channel remains around 10 -2 , indicating this approach can significantly raise the programming speed without sacrificing programming efficiency. With the introduction of a Si-cap, the programming speed decreases with the increasing thickness of silicon cap as shown in Fig. 4 (a) . It is found in Fig. 4 (b) that both the injected gate current and band-to-band tunneling current decrease with the increase of thickness of Si-cap layer. The programming efficiency of flash memory cell with SiGe buried layer and Si cap layer still remains about 10 -2 . The contours illustrated in Fig. 5 show that BTBT generation rate of the flash device with Si-cap layer is smaller than that with surface SiGe channel. Results in Fig. 6 show that the drain voltage can be lowered down to -3.9V without altering control gate bias, which means the same programming speed as that of a pure silicon substrate with Vd=-6 V and Vg=10 V can be achieved.
The results shown in Fig. 7 (a) indicate that the employment of either SiGe or HfO 2 will improve the programming speed, while the best improvement is achieved when SiGe and HfO 2 are simultaneously applied; in this case, the enhancement can be over 1000 times. Fig. 7 (b) shows that SiGe employment can enhance more BTBT current and HfO 2 employment can elevate the injection efficiency; the latter can be attributed to the lower conduction band offset (∆Ec) in HfO 2 . The above simulation results indicate flash devices employing both HfO 2 and SiGe can achieve best BBHE injection.
Conclusion
A novel p-channel flash device with SiGe band-offset modified channel, together with a Si-cap layer and HfO 2 tunnel dielectric to improve interface quality, is proposed to achieve a better BBHE injection. Up to 1000 times enhancement in programming speed can be obtained. 
